ABSTRACT.-The weevil Scaphomorphus trivittatus (Say) was found in close association with Astragalus praelongus var. elliseae (Rydb.) and Astragalus asclepiadoides (Jones) in selenium-containing soils in Carbon County, Utah. The weevils fed on roots of the Astragalus species and formed soil cocoons, which were attached to the tap roots. The weevils pupated and developed into adults in these cocoons over the fall and winter and then emerged in the spring. The plants and soil cocoons contained highly elevated levels of selenium compared to the soils. The weevils, in contrast, differed little from the soils in selenium content.
Several plant species take up and accumulate selenium from soils. In the 1970s we initiated a study of the possible involvement of bacterial nodules and/or fungal mycorrhizae on Astragalus species, which do accumulate selenium. During this study we became aware of an association between a weevil, Scaphomorphus trivittatus (Say), and the legumes Astragalus asclepiadoides ( Jones) (milkweed vetch) and A. praelongus var. elliseae (Rydb) (Ellis stinking milkvetch). We made observations on this weevil-plant association over a number of years between the late 1970s and the present.
We selected for our study an area of alluvial, sandy soils about 19 km south of Wellington, Carbon County, Utah, along State Highway 9. The soils in this area are high in selenium and both A. asclepiadoides and A. praelongus var. elliseae grow there.
In the process of digging to expose the roots of the plants, we discovered that many individuals of both species had soil "cocoons" firmly attached to the taproot-usually from 15 to 25 cm below the soil surface (Fig. 1) . The cocoons were usually ~2.5-3.5 cm long and ~1.0-1.5 cm wide and were composed of hard, compacted silt and clay. At the cocoon's point of attachment to the root, plant fibers were incorporated into the cocoon matrix. The roots often had scars, presumably caused by feeding activities of insect larvae (Figs. 1, 3) .
In several years cocoons were observed from spring and early summer into the winter. They contained larvae and/or adults of a large weevil. The insects ranged from 11 mm to 15 mm long and were beige to off-white in color with prominent reddish brown stripes (Fig. 4) . Some larvae and adults were dead and ap peared to be infected with unknown fungi.
Insects were collected and deposited in the Monte L. Bean Life Science Museum, Brigham Young University (Provo, UT), and in 1996 some were sent to Dr. Wayne Clark of Auburn University (Auburn, AL) for identification. At that time he identified the insect as Cleonidius trivittatus (Say). Since then this species has been grouped with other related weevils and is now called Scaphomorphus trivittatus (Say) (Anderson 1988 (Anderson , 2002 .
Occurrence of this weevil and related species on Astragalus and other legumes is well known (Anderson 1988) , and collections of similar weevils at Utah Sate University also list legumes as host plants (personal observation, October 2006).
Because the weevils appeared to feed on only the 2 Astragalus species being studied at our site, we included these species in our analysis of selenium uptake and accumulation in plant tissues. Figs. 1-4. 1, soil cocoons containing Scaphomorphus trivittatus (Say) on roots of Astragalus species. Cocoons occur near the tip of the root shown (arrow); 2, detached soil cocoons containing larvae and adults of Scaphomorphus trivittatus (Say). Note plant root fragment still attached to 1 cocoon. Scale bar equals 1 cm; 3, Astragalus species root showing feeding scars and a remnant of a soil cocoon. Scale bar equals 1 cm; 4, adults and larvae of Scaphomorphus trivittatus (Say). Scale bar equals 1 cm.
Selenium is known to accumulate in a number of plants, bacteria, fungi, and invertebrates (including insects; Ohlendorf and Santolo 1994) . Although the presence of selenium in plant tissues can add to the toxicity of the plants towards animals, little is known about adverse effects of selenium on plants or insects.
We assayed for selenium content using an adaptation of a method described in a PerkinElmer analytical instrument document (PerkinElmer 1992). The 2 Astragalus species, as well as the insect cocoons, had much higher levels of selenium than the soil. The larvae and adult weevils, however, had only slightly elevated levels of selenium over the soil (Table 1) .
Our observations suggest a life cycle for S. trivittatus that is typical of those reported for related weevils. Adults emerge from the soil in spring and lay eggs on the host plant. Presumably, newly hatched larvae work their way to the roots and feed there. We did not observe any larvae on aboveground plant tissues at any time. The larvae feed on roots and build a protective soil tube or "cocoon" attached firmly to the root over the feeding site. Transformation of the larvae into pupae and adults occurs within this cocoon during early summer.
Similar protective structures are reported as "sand tubes" constructed by Cleonidius poricollis (Mannerheim) on Descurainia pinnata (Walt.) Britton (Tansy mustard) in West Texas (O'Brien and Marshall 1987) . These authors suggest that the "sand tubes" provide protection for the feeding larvae and allow space for pupation in roots that are too small in diameter to allow the insect to be fully enclosed by plant tissues. They further suggest that this "sand tube" phenomenon may be a ". . . widespread means by which Cleonidius or other weevil larvae functionally increase the diameter of the stem or root on which they are feeding . . ." An earlier paper (Isart 1972 ) reported on Cleonus mendicus (Gyll.) and its host plant Beta vulgaris (L.) (sugar beet) in several Mediterranean countries. The insect larvae involved fed only upon the root of the plant and constructed galleries fully within the root as well as "cocoon terroso," or soil cocoons, on the root surface. The soil chambers or cocoons illustrated by Isart (1972:203-204, fig. 3 ) are very similar to those we observed on Astragalus.
It is interesting that Cleonus mendicus larvae feed well within the large sugar beet root but still construct external cocoons of soil for pupation, whereas weevils feeding upon smaller roots, such as D. pinnata or Astragalus species, do not seem to burrow deeply into their host root tissue during feeding but do also make soil cocoons. Perhaps the construction of soil cocoons is not related to the size of host root, but is instead a common phenomenon of these weevils.
The accumulation of selenium within our Astragalus species is marked (see Table 1 ) and is considered 1 of the contributing factors in toxicity towards herbivores that feed upon such plants (Mayland 1994) . However, we have found no mention of damage to the host plant itself from the selenium. In contrast to the high accumulation of selenium in plant tissues, weevils feeding upon the plant roots did not accumulate selenium in high amounts. This suggests that a mechanism exists to exclude or excrete the toxic chemical. The soil cocoons, presumably built using insect saliva, were high in selenium, which reflects the selenium-rich plant tissues being fed upon by the weevil.
Over a period of more than 20 years, we did not observe any effects of selenium upon either the plant or insect populations studied. Plants and insects appeared normal in size and reproduction; however, heavy grazing and trampling of plants by cattle on the study site have reduced the populations of Astragalus to a few colonies of small plants. Insect populations also have been greatly reduced in recent years at this site.
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